Abstract. We apply the 2-dimensional high-resolution density field of galaxies of the Early Data Release of the Sloan Digital Sky Survey with a smoothing lengths 0.8 h −1 Mpc to extract clusters and groups of galaxies, and a low-resolution field with smoothing lengths 10 h −1 Mpc to extract superclusters of galaxies. We investigate properties of density field clusters and superclusters and compare properties of these clusters and superclusters with Abell clusters, and superclusters found on the basis of Abell clusters. We found that clusters in high-density environment have a luminosity a factor of 5−10 higher than in lowdensity environment. There exists a large anisotropy between the SDSS Northern and Southern sample in the properties of clusters and superclusters: most luminous clusters and superclusters in the Northern sample are a factor of 2 more luminous than the respective systems in the Southern sample.
Introduction
Clusters and groups of galaxies are the basic building blocks of the Universe on cosmological scales. The first catalogues of clusters of galaxies (Abell 1958; Zwicky et al. 1961-68) were constructed by visual inspection of the Palomar Observatory Sky Survey plates. More recent catalogues of clusters, as well as catalogues of groups of galaxies, have been derived using catalogues of galaxies (Huchra et al. 1983; Dalton et al. 1997) . Moving up the hierarchy of large-scale structure, galaxy cluster catalogues themselves have been used to define still larger systems such as superclusters of galaxies (Oort 1983; Bahcall 1988; Einasto et al. 1994 , hereafter E94, E97 and E01, Basilakos 2003 .
The goal of the present series of papers is to map the Universe up to redshift z = 0.2 and to find galaxy clusters and superclusters using the density field method. The application of the density field is not new. In the pioneering study by Davis & Huchra (1982) the density field was used to calculate the gravitational field of the nearby Universe. Gott et al. (1986) used the density field to investigate topological properties of the Universe. Bertschinger et al. (1990) calculated the potential, velocity, and density fields from redshift-distance data. Saunders et al. (1991) applied the density field to map the Universe, to find superclusters and voids, and calculated Send offprint requests to: J. Einasto, e-mail: einasto@aai.ee moments of the density field. Marinoni et al. (1999) reconstructed the real space local density field. In these studies nearby optical or infrared galaxy samples were used. More recently, Hoyle et al. (2002) used smoothed 2-dimensional density fields from volume limited subsamples of Sloan Digital Sky Survey Early Data Release (SDSS EDR) galaxies to discuss the 2-dimensional geometry of the large-scale matter distribution in comparison with ΛCDM simulations, and Sheth et al. (2002) advertised a new method of evaluating isodensity contours of smoothed 3-dimensional density fields from simulations for characterising topological properties of the supercluster-void network.
In the present paper we calculate the density field of the Sloan Digital Sky Survey Early Data Release by Stoughton et al. (2002) to find clusters and superclusters of galaxies, and to investigate their properties. Clusters of galaxies from the SDSS were extracted previously by Goto et al. (2002) using the cut and enhance method; Kim et al. (2002) compared various cluster detection algorithms based on SDSS data. In this paper we define clusters as enhancements of the density field and use various smoothing lengths to separate systems of galaxies of different size and luminosity. We use a high-resolution density field to find clusters and groups of galaxies. For simplicity, we use the term "DF-clusters" for both groups and clusters found in the high-resolution density field of galaxies. Similarly, we use a low-resolution density field to construct a catalogue of superclusters of galaxies, and denote them as "DFsuperclusters". DF-clusters and superclusters are defined as enhancements of the density field, DF-clusters in a fixed volume (±2.5 h −1 Mpc from the centre), and DF-superclusters as highdensity regions surrounded by a fixed isodensity contour. Here and elsewhere in this paper, the Hubble constant is expressed as usual in units of H 0 = h 100 km s −1 Mpc −1 . In determining DF-clusters and superclusters we take into account known selection effects. We shall investigate some properties of DFclusters and superclusters, and study these clusters and superclusters as tracers of the structure of the local Universe. The use of the density field allows us to detect many systems of galaxies, especially poor systems, previously not catalogued, and in this way get a better picture of the distribution and properties of systems of galaxies. But this advantage has its price -some DF-clusters may be dynamically unstable, and mark just the present situation in the evolution of the structure.
This study is of exploratory character to find the potential of SDSS data to analyse the structure of the Universe both on small and large scales. In this stage we use the fact that SDSS EDR covers only relatively thin slices (at the outer edge of the survey, z = 0.2, the slices have a thickness only 24 h −1 Mpc); thus we calculate the density field in 2 dimensions only. As more data will be made available we plan to use a full 3-dimensional data set to detect clusters and superclusters of galaxies. In this exploratory stage of the study we will make no attempt to convert distances of galaxies and systems of galaxies from redshift space to real space. This correction applies only to positions of galaxies and clusters, not to their luminosity. Due to smoothing of the density field, small-scale corrections (e.g., the "finger-of-god" effect) are essentially flattened out.
Although there are large-scale corrections due to the apparent contraction of superclusters in redshift space (Kaiser 1984) , the actual positional shifts of supercluster centres are very small; furthermore, they do not alter cluster and galaxy positions in tangential direction. The only large-scale redshift distortion is the radial contraction of superclusters, not the number and luminosity of clusters within superclusters. Since supercluster shapes are not the main target of this present study, we may ignore this effect for now.
In calculation of weights of galaxies we apply parameters of the luminosity function of galaxies as found by Hütsi et al. (2003, hereafter H03) . The analysis of the density field of the Las Campanas Redshift Survey (LCRS) shall be published by Einasto et al. (2003b, hereafter Paper II) . The comparison of observational results with numerical simulations shall be done in a separate paper (in preparation). There we shall use mock galaxy catalogues and results of N-body simulations of the evolution of the structure to check various aspects of the density field method, and try to find theoretical explanation of observational results of this paper and Paper II. This series of papers is carried out in the framework of preparations for the analysis of results of the Planck mission to observe the Cosmic Microwave Background radiation.
The present paper is organised as follows. In Sect. 2 we give an overview of the observational data. In Sect. 3 we find DFclusters and investigate their properties. Similarly, in Sect. 4 we compose a catalogue of DF-superclusters, identify them with conventional superclusters, and study their properties. In Sect. 5 we continue the study of DF-clusters and superclusters, derive the luminosity function of DF-clusters, and analyse these systems as tracers of the large-scale structure of the universe. Section 6 brings our conclusions. The three-dimensional distribution of DF-clusters and superclusters in comparison with Abell clusters and superclusters is shown on the web-site of Tartu Observatory (http://www.aai.ee).
Observational data

SDSS Early Data Release
The SDSS Early Data Release consists of two slices of about 2.5 degrees thickness and 65−90 degrees width, centred on celestial equator, one in the Northern and the other in the Southern Galactic hemisphere (Stoughton et al. 2002) . This data set contains over 30 000 galaxies with measured redshifts. We obtained from the SDSS Catalogue Archive Server angular positions, Petrosian magnitudes, and other available data for all EDR galaxies. From this general sample we extracted the Northern and Southern slice samples using following criteria: redshift interval 1000 ≤ cz ≤ 60 000 km s −1 , Petrosian r * -magnitude interval 13.0 ≤ r * ≤ 17.7, right ascension and declination interval 140
• ≤ RA ≤ 240.0
• for the Northern slice, and 340
• for the Southern slice. The number of galaxies extracted and the mean RA and DEC are given in Table 1 . Observed redshifts were first corrected for the motion relative to the CMB dipole (Lineweaver et al. 1996) . Co-moving distances of galaxies were calculated using a cosmological model with density parameters: matter density Ω m = 0.3, dark energy density Ω Λ = 0.7, total density Ω 0 = Ω m +Ω Λ = 1.0, all in units of the critical cosmological density (see Peacock 1999) . With these parameters the limiting redshift z lim = 0.2 corresponds to co-moving distance r lim = 571 h −1 Mpc. In calculating absolute magnitudes we used K-corrections and correction for absorption in the Milky Way (for details see H03). 
Abell clusters and superclusters
We shall use the sample of rich clusters of galaxies by Abell (1958) and Abell et al. (1989) (hereafter Abell clusters), compiled by Andernach & Tago (1998) , with redshifts up to z = 0.13. The sample contains 1665 clusters, 1071 of which have measured redshifts for at least two galaxies. This sample was described in detail by E01, where an updated supercluster catalogue of Abell clusters was presented. Superclusters were identified using a friend-of-friends algorithm with a neighbourhood radius of 24 h −1 Mpc. In the density field map (Fig. 4 ) we have used a new compilation of redshifts of Abell clusters by Andernach and Tago.
Density field clusters
We shall apply the density field to find density enhancements -DF-clusters. The procedure consists of several steps: (1) calculation of the distance, absolute magnitude, and weight factor for each galaxy of the sample; (2) calculation of rectangular coordinates of galaxies and rotation of coordinate axes in order to minimise projection effects; (3) smoothing of the density field using an appropriate kernel and smoothing length, and (4) finding clusters (density enhancements) in the field. Our method of cluster finding assumes that clusters lie completely within the slice, and that there are no other clusters with identical x, y−coordinates but shifted vertically. These assumptions are fulfilled in most cases. The extraction of clusters in the SDSS using full 3-dimensional density field information is planned in the future.
In calculating the density field we make two assumptions. First, we regard every galaxy as a visible member of a density enhancement (group or cluster) within the visible range of absolute magnitudes, M 1 and M 2 , corresponding at the distance of the galaxy to the observational window of apparent magnitudes. This assumption is based on observations of nearby galaxies, which indicate that there are really almost no isolated galaxies except perhaps very low-luminosity and diffuse galaxies not represented in surveys like the SDSS. Most galaxies belong to poor groups like our own Galaxy, where one bright galaxy is surrounded by a number of faint satellites. Using these assumptions we actually find halos, either halos of single giant galaxies with their companions, or halos of group or clusters. Further, we assume that the luminosity function derived for a representative volume can be applied also for individual groups and galaxies. As we shall see later, this last assumption is not correct, and we must use various galaxy luminosity functions in order to calculate density fields suitable for finding DF-clusters and DF-superclusters.
The expected total number of galaxies per one visible galaxy is proportional to the inverse of the selection function,
where
is the number-density weight. In the last equation
are luminosities of the observational window corresponding to absolute magnitudes of the window M i (see Fig. 1 ), and M is the absolute magnitude of the Sun. The number-density weigh W N is shown in Fig. 2 .
We are interested to find total luminosities of DF-clusters and superclusters, thus we shall use in the following analysis the luminosity density rather than the number density. The estimated total luminosity per one visible galaxy is
where L obs = L 10 0.4×(M −M) is the luminosity of the visible galaxy of absolute magnitude M, and
is the luminous-density weight (the ratio of the expected total luminosity to the expected luminosity in the visibility window). In calculation of weights we assume that galaxy luminosities are distributed according to the Schechter (1976) luminosity function:
where α and L * are parameters. We used values of parameters as found by H03 and given in Table 1 . This procedure was also used by Tucker et al. (2000) in the calculation of total luminosities of groups of galaxies. A different procedure was applied by Moore et al. (1993) -adding the expected luminosity of faint galaxies outside the observational window to the luminosity of the observed galaxy. We assume that density and luminosity distributions are independent, which leads to a multiplicative correction (3). Grey symbols indicate number-density weights, black symbols luminous-density weights. Lower panels plot luminosities of galaxies as a function of distance. Grey circles mark luminosities of observed galaxies, black symbols total luminosities, corrected for unobservable part of the luminosity range, Eq. (3). Left panels are for luminosity function parameters of set 1, and right panels for set 2, which yield better DF-clusters and DF-superclusters, respectively.
As an example, we plot in Fig. 1 for the Northern slice the absolute magnitudes of the window, M 1 and M 2 , as well as observed absolute magnitudes of galaxies, M obs . In upper panels of Fig. 2 we show luminous-density weights W L for both sets of the luminosity function. For comparison we show also numberdensity weights W N . Lower panels of Fig. 2 show luminosities of galaxies L obs , and expected total luminosities L tot calculated with Eq. (3). Luminosities are expressed in units of 10 10 Solar luminosities. We see that the number-density weight W N rises monotonically with increasing distance from the observer, whereas the luminous-density weight W L rises also toward very small distances. This is due to the influence of bright galaxies outside the observational window, which are not numerous (see the weight W N ) but are very luminous. On larger distances the weight W L rises again due to the influence of faint galaxies outside the observational window. In calculation of the relative density field only densities in units of the mean density matter, and in this respect the mean distance dependence of L tot is not very different from the distance dependence of the numberdensity N tot .
To find the luminous-density field we calculated for all galaxies rectangular equatorial coordinates as follows:
here RA and DEC are equatorial coordinates of the galaxy, r(z c ) is its comoving distance, and z c is the redshift, corrected for the motion relative to CMB dipole. Next we rotated this coordinate system around the z-axis to obtain a situation where the new y-axis were oriented toward the average right ascension of each slice (see Table 1 ) and finally we rotated this new system around its x-axis so as to force the average z-coordinate to be zero in order to minimise projection effects (in case of SDSS EDR the last rotation angle is zero since data are located along the celestial equator, but for LCRS this angle is rather large, see Paper II).
To smooth the density field two approaches are often used. The first one uses top-hat smoothing as customary in N-body calculations. In this case the density in grid corners is found by linear interpolation where the "mass" of the particle is divided between grid corners according to the distance from the respective corner. Variable smoothing length can be obtained by changing the size of the grid cell. A better and smoother density field can be obtained when we use Gaussian smoothing. In this case the weight of the galaxy is distributed between neighbouring cells using the Gaussian smoothing
here x j and x g are positions of the galaxy and the grid cell, respectively, and σ sm is the smoothing length. To calculate the density fields, we formed a grid of cell size 1 h −1 Mpc, and used only x, y−coordinates. Ignoring the z−coordinate is equivalent to integrating over this coordinate, i.e. we find actually the projected density of the wedge. Since the thickness of the wedge increases with the distance from the observer, the projected density increases too. To compensate this effect and to find the spatial density we divide the projected density by the thickness of the wedge at the particular distance. This is not done for the high-resolution field. Here the probability of vertical projection of clusters is small (see Sect. 5.7 for further analysis), and by dividing the density by the thickness we distort luminosities of DF-clusters.
To find the proper value of the smoothing length we performed a test study. With increasing smoothing length we can find systems of galaxies of increasing scale from clusters and groups and galaxy and cluster filaments to superclusters and their aggregates. Figure 3 shows the density field of the Northern slice calculated with dispersions 0.8 . . . 16 h −1 Mpc. To find DF-clusters with properties close to those of conventional clusters and groups a high-resolution density field is to be used with smoothing scale comparable to the characteristic scale of clusters and groups. The harmonic mean radius of groups and clusters in the Las Campanas Redshift Survey lies in the range 0.45−0.65 h −1 Mpc (Tucker et al. 2000; Einasto et al. 2003a , hereafter E03). Abell, APM, and X-ray clusters which have been matched to Las Campanas clusters have harmonic mean radii in the same range. We have used a larger smoothing length, 0.8 h −1 Mpc, to identify DF-clusters; this smoothing length is equal to the upper quartile of harmonic radii of groups and clusters (E03). With this smoothing length and Gaussian density profile we get density distributions which match satisfactorily surface density profiles of clusters of galaxies (Carlberg et al. 1997 ). Thus we get a reasonable size of groups even in the case when groups are represented by only a single bright galaxy (we repeat that we consider every galaxy as a representative of a group which includes galaxies outside the observational magnitude window). Most massive clusters in our sample are represented by a number of galaxies with a spread in spatial positions. Thus a modest Gaussian widening does not considerably distort the actual profile of the cluster. After the Gaussian smoothing we get density maps shown in Figs. 3-5.
The final step is the identification of the DF-clusters. To identify DF-clusters of galaxies, every cell of the field was checked to see whether the density of the cell exceeded the density of all neighbouring cells. If the density of the cell was higher than that of all its neighbours, then the cell was considered as the centre of a DF-cluster and its x, y-coordinates, density value, and luminosity were measured. Inspection of the density field has shown that practically all compact systems of galaxies (groups and clusters) contain their luminosity within a box of size −2 ≤ ∆x ≤ 2, and −2 ≤ ∆y ≤ 2 in cell size units (1 h −1 Mpc); smoothing with scale 0.8 h −1 Mpc spreads the luminous-density just between these cells. The total luminosity of the DF-cluster was derived by adding luminosity densities of the 24 surrounding cells to the luminosity density of the central cell. All densities and luminosities were calculated in Solar luminosity units. We also calculated the density in units of the mean density, this relative density was used in Figs. 3-5 for plotting. A cluster was added to the list of DF-clusters if its luminosity L exceeds a certain threshold value; we used the threshold L 0 = 0.4 × 10 10 L . This threshold exceeds the luminosity of poorest groups by a factor of about 2, the number of groups below this limit is very small, see Fig. 6 . All used cells were marked and in the search for new clusters cells already counted were not included. Figure 4 shows that there are only a few galaxies in the nearby region, d < 100 h −1 Mpc. Moreover, near the outer boundary of the sample, d > 550 h −1 Mpc, samples are already diluted. Therefore, we shall confine our DF-cluster catalogue to the distance interval 100 ≤ d ≤ 550 h −1 Mpc. The total number of DF-clusters found is given in Table 1 . Now we look at some properties of DF-clusters. Figure 6 shows luminosities of DF-clusters as a function of distance from the observer, d. The lowest luminosity clusters are seen only at a distance d ≤ 150 h −1 Mpc. There exists a well-defined lower limit of cluster luminosities at larger distances, the limit being linear in the log L − d plot. Such behaviour is expected as at large distances an increasing fraction of clusters does not contain any galaxies bright enough to fall into the observational window of absolute magnitudes, M 1 . . . M 2 . The cluster lower luminosity limit is somewhat lower for the Southern slice. The reason for this difference is not yet clear. Nonetheless, the absence of low-luminosity clusters at large distances can be taken into account in calculation of the cluster luminosity function (see Sect. 5 below).
According to general cosmological principles, the mean density of luminous matter (smoothed over superclusters and voids) should be the same everywhere. Some weak dependence on distance may be due to evolutionary effects: luminosities of non-interacting galaxies decrease as stars age; but luminosities of merging galaxies (central galaxies of clusters) increase with age. Both effects are rather small within the redshift range z ≤ 0.2 used in this work (Shepherd et al. 2000) . If we ignore these effects we may expect that the luminous density should not depend on the distance from the observer, in contrast to the number of galaxies which is strongly affected by selection effects (at large distances we do not see low-luminosity galaxies). This difference between the observed and total luminosity is well seen in Fig. 2 : with increasing distance the weight W L (the ratio of the total-to-observed luminosity) increases by a factor of 3 (parameter set 1) or even 15 (parameter set 2). Mpc dispersion. Upper panels were calculated for parameter set 1 (better reproduction of clusters), lower panels for set 2 (better reproduction of superclusters). In all cases the density field was reduced to a sheet of constant thickness.
We can use the mean total luminous density as a test of our weighting procedure. The mean luminous density in a shell between distances d i and d i−1 was found as follows:
where L i is the sum of total luminosities of all DF-clusters in the shell, and ω is the angular size of the slice in sterradians. In Fig. 7 we show the mean luminous density in spherical shells of radial thickness 5 h −1 Mpc for N and S slices of the SDSS EDR. We see strong fluctuations of the mean luminous density due to superclusters and voids. The nearby volume is small, so density fluctuations are large at distances d ≤ 220 h −1 Mpc; here we also see a low-density region in the Northern slice (see also . At large distances, the overall mean density for parameter set 2 is almost constant. However, in this case the luminosity of clusters rises considerably with distance, and all very luminous clusters are concentrated near the outer border of samples (see Figs. 4 and 6) .
In determination of the parameter set 2 the number of faint unobservable galaxies in calculation of the luminosity function was estimated using Schechter parameters for the whole sample. As we have seen above, faint clusters are not visible at large distances. Thus, in order to estimate correctly the total number of faint galaxies, the luminous mass of invisible clusters has been added to visible clusters, and the luminosity of visible clusters has been overestimated. To get correct luminosities of clusters we have used the parameter set 1 which yields more or less uniform level of high-mass clusters at various distances from the observer, see left panels of Fig. 6 . Schechter parameters of this set correspond to a subsample of galaxies in high-density environment, dominating in more distant regions. Using this set we find, that luminosities of most massive clusters also increase with distance. However, a small increase is expected since the volume of distant shells is larger, and thus the probability to find a bright galaxy in a shell of fixed thickness is higher on larger distance from the observer. Using the luminosity function derived in H03 we estimate that most luminous clusters near the outer border of the sample should be a factor of about 1.25 times more luminous than clusters in the middle of the sample. Figure 6 shows that this is the case for both the Northern and Southern slice for parameter set 1. For this set of parameters the mean luminous matter density decreases with distance, as seen from Fig. 7 .
The distributions of the mean density and of the cluster luminous masses are very sensitive tests for parameters of the luminosity function. Our tests show that it is impossible for one set of parameters to satisfy both criteria, the distance independence of the mean luminous density and that of the distribution of luminosities of clusters.
Density field superclusters
Superclusters have been traditionally defined either as clusters of clusters of galaxies (Oort 1983; Bahcall 1988) , or as density enhancements in the galaxy distribution (de Vaucouleurs 1953; Saunders et al. 1991; Basilakos et al. 2001; Kolokotronis et al. 2002) . In the first case Abell clusters were used to compile supercluster catalogues (E94, E97, E01). In the second case superclusters were found by using the distribution of individual galaxies or by using smoothed density field maps. Here we follow the density field approach and use the lowresolution density field to find large overdensity regions which we call density field superclusters (or DF-superclusters). Tests with various smoothing lengths showed that a smoothing length σ sm = 10 h −1 Mpc yields a catalogue of superclusters which matches well the catalogue of Abell superclusters. This length corresponds to the scale of the transition from the linear to the non-linear evolution. If we consider superclusters as systems in the linear regime of the evolution, then we must use for the smoothing a scale not smaller than the non-linearity scale. When a larger smoothing length is used then high-density regions tend to merge into larger aggregates, see Fig. 3 .
The compilation of the supercluster catalogue consists of three steps: (1) calculating the density field, (2) finding overdensity regions, and (3) determining the properties of the resulting superclusters. The density field was calculated as described above with one difference -in order to reduce the wedge-like volume of slices to a sheet of uniform thickness we divided densities by the thickness of the slice at each particular distance. In this way the surface density of the field is on average independent of distance, and we can use a distance independent search for overdensity regions. The reduced density field for the Northern and Southern SDSS EDR slices is shown in Fig. 5 .
Next we searched for connected high-density regions. To do so we need to fix the threshold density, 0 , which divides high-and low-density regions. This threshold density plays the same role as the neighbourhood radius used in the friends-offriends (FoF) method to find clusters in galaxy samples and to find superclusters in cluster samples. If we have a high threshold density (this corresponds to a small neighbourhood radius), we get as connected regions only the central peaks of superclusters -the number of peaks is small, high-density regions cover only a small area, and their diameters are small. When we decrease the threshold density -corresponding to an increase in the neighbourhood radius in the FoF method -then the number of high-density regions increases and their areas and diameters also increase. When the threshold density is too low, then superclusters merge to form large complexes, their masses and diameters grow, and at a certain threshold density percolation occurs, i.e. the largest supercluster spans across the whole region under study.
To make a proper choice of the threshold density we plot in Fig. 8 the number of superclusters, N, the area of the largest supercluster f (in units of the total area of the slice), and the maximum diameter of the largest supercluster (either in the x or y direction) as a function of the threshold density 0 (we use relative densities here). Data are given for both the Northern and the Southern slices. We see that the number of superclusters for the Northern slice has a broad maximum between 1.3 < 0 < 2.3, for the Southern slice the maximum is sharper at 0 ∼ 1.5. For lower 0 large superclusters are merged; for higher 0 fewer regions are counted as high-density. The area and diameter of the largest supercluster continue to drop rapidly until 0 ∼ 2.0. This shows that various criteria suggest different values for the threshold density. We have used a threshold density 0 = 1.8. At this threshold density the largest supercluster still has a diameter over 100 h −1 Mpc, it has several concentration centres (local density peaks), and its area forms a large fraction of the total area of the slice. The merging of large superclusters can be followed when we look for sudden changes in the relative area and diameter. For both slices superclusters are separated at 0 = 2.1; this density value is used to resolve the largest supercluster into sub-superclusters. Superclusters were found over the distance interval 100 ≤ d ≤ 550 h −1 Mpc. We include only superclusters with areas greater than 100 (h −1 Mpc) 2 ; otherwise we get as superclusters tiny regions with diameters of less than 10 h −1 Mpc.
The number of superclusters in each of the two slices is shown in Table 1 . In Table 3 we list for individual superclusters positional, physical, and morphological data. To aid in identifying these superclusters, we provide an identification number No, the right ascension RA, the distance d, and rectangular coordinates, x, and y (in h −1 Mpc) used in the density field plots. The column labelled "Id" gives the identification number from E01 of any matches to previously known superclusters based upon the Abell cluster sample.
For physical data we present the observed total luminosity of the supercluster L obs (sum of observed luminosities of DF-clusters located within the boundaries of superclusters), the estimated total luminosity of the superclusters L tot , the diameter D of the supercluster (diameter of a circular area equal to the area of the supercluster), and ∆ = max(dx, dy), where dx and dy are diameter of the supercluster in the x and y direction. The difference between the diameters D and ∆ yields information on the flattening of the supercluster in the plane of the slice. For round systems D ∼ ∆; for elongated superclusters, ∆ exceeds D. The total luminosity L tot was calculated from the observed luminosity L obs
where D d is the thickness of the slice at the distance of the centre of the supercluster, and we have assumed that the vertical diameter of the supercluster is identical to the diameter in the plane of the slice D. Finally, f is the fraction of the area of the supercluster in units of the total area occupied by superclusters in a given slice. For morphological data we give the number of DF-clusters and Abell clusters lying within the boundaries of the supercluster, N cl and N ACO , respectively, see also Fig. 4 . We note that the number od Abell clusters corresponds to the number of main components of clusters, the number of secondary subclusters (if a cluster consists of several subclusters) is not given. Following is the type of the supercluster "T", estimated by visual inspection of the density field. Here we have used the following tentative classification: if the supercluster shows filamentary character, then its type is "F" for a single filament or "M" for a system of multiple filaments. As an example of a filamentary system we refer to supercluster N04; an example of a multi-filamentary system is the supercluster N02. N04 consists of a single well-defined filament, and N02 of two massive filaments situated at almost right angles to each other. In both cases the main filaments are surrounded by a loose cloud of faint clusters. If such diffuse clusters dominate and the filamentary character is not evident, then the supercluster morphology is listed as a diffuse "D", an example being N08. Finally, "C" denotes a compact supercluster without clear filamentary system, an example being N15. This classification is based on the distribution of galaxies and clusters in a plane. If 3-dimensional data were available, then the true shape of each supercluster could be established.
It should be noted that most superclusters are surrounded by faint systems of galaxies, either in the form of filaments or of a diffuse cloud of clusters. Thus the distinction between a filamentary and diffuse system is not very strict.
DF-clusters and superclusters as traces
of the structure of the universe
Selection effects
The main selection effect in the SDSS survey is due to the finite width of the apparent magnitude window, which excludes galaxies brighter or fainter than this window. The presence of a relatively narrow visibility window affects our results in two different ways. First of all, it influences the number and luminosity of galaxies in DF-clusters. This effect can be taken into account statistically in the determination of the luminosity of clusters using weighting of galaxies in DF-clusters. But the visibility window also affects the number of DF-clusters -a faint DF-cluster will not be visible at all at large distances if none of its member galaxies is bright enough to fall within the visibility window. The number of faint DF-clusters can be estimated statistically using the procedure described below in calculating the DF-cluster luminosity function. This procedure, however, cannot restore physical parameters or positions of individual invisible DF-clusters, similar to the first procedure which cannot restore parameters of invisible galaxies. The weighting of visible galaxies in clusters statistically restores properties of clusters which have at least one galaxy in the visibility window of the survey. The procedure depends crucially on the parameters of the galaxy luminosity function which is used to derive the weights for the visible galaxies. We have used the constancy of the mean density with redshift to check the values for the luminosity function (parameter set 2). Our analysis has shown that the mean properties of superclusters are independent of the distance from the observer, which suggests that the global properties of the low-resolution density field are correct. However, in this case, the luminosities of the DF-clusters are too high at these large distances. The reason for the overcorrection of visible cluster luminosities is simple: visible clusters have to include also luminosities of invisible clusters. It is clear that in this case we get a wrong distribution of cluster luminosities. This is clearly seen in Fig. 4 , where most distant clusters in both slices seem reddish (they have too high luminous density), whereas in nearby regions clusters have various colours from red to yellow, green and blue, representing clusters of various luminosity.
To avoid this effect we have used another set of values for the parameters of the galaxy luminosity function (parameter set 1). Now we get cluster luminosities which are, in the mean, independent of the distance from the observer. In this case the mean density of luminous matter decreases with distance, as do the mean luminosities of superclusters. This deficit of lowluminosity clusters can be estimated in the determination of the cluster luminosity function (see next section).
There are two possibilities to correct for the second selection effect in the calculation of the density field. We can add to the density field, calculated on the basis of the observed galaxies and corrected for unobserved galaxies associated with them, a smooth background which takes into account unseen galaxies not-associated with observed ones. In the calculation of the low-resolution density field this procedure yields the correct large-scale distribution of luminous matter -if the unseen galaxies are distributed randomly. However, this last assumption needs justification: faint galaxy systems, like bright systems, may be preferentially located within superclusters. On the other hand, this procedure also adds some luminous matter to DF-clusters, since luminous matter is collected into DF-clusters from the whole search box ±2.5 h −1 Mpc from the cluster centre. In other words, this correction method distorts DF-cluster properties. As we want to derive statistically correct cluster properties, we must use a high-resolution density field without the background correction. Taking into account these difficulties we have used a different method to find the low-resolution density field, by using for clusters and superclusters various parameters of the galaxy luminosity function. In Paper II we shall use a different method to find unbiased luminosities of DF-clusters.
Luminosity function of DF-clusters
Now we calculate the integrated luminosity function of DFclusters, i.e. the number of DF-clusters per unit volume exceeding a luminosity L. Figure 6 shows that only very bright DF-clusters are observable over the whole depth of our samples. These bright clusters form a volume limited subsample of DF-clusters. Fainter clusters are seen in the nearby volume only; the estimated total number of fainter clusters can be found by multiplying the observed number of clusters by a weighting factor of (d lim /d L ) 3 , where d lim = 550 h −1 Mpc is the limiting distance used in compiling of the DF-cluster sample, and d L is the largest distance where clusters of luminosity L are seen. Figure 6 indicates that there exists an almost linear relation between d L and log L; this relation was used to calculate the weighting factor for clusters of every luminosity. Results for both SDSS samples are shown in Fig. 9 .
We see that the luminosity functions span over 3 orders in luminosity and almost 4 orders in spatial density. Bright DF-clusters are density field equivalents of rich clusters of the Abell class, fainter DF-clusters correspond to groups of galaxies. The broad coverage of luminosities shows that the SDSS sample is well suited for determining the luminosity function from observations. Presently we have not determined masses of DF-clusters; thus it is not possible for us to transform the luminosity function to mass function of clusters. However, if we assume that the mass-to-luminosity ratio of DF-clusters is constant, then we can have an estimate of the DF-cluster mass function. Our luminosity function is not very different from the real observed mass function of conventional clusters and groups of galaxies (Ramella et al. 1997; Girardi & Giuricin 2000; Heinämäki et al. 2003) .
The integrated luminosity function was found for both parameters sets of the galaxy luminosity function (see Fig. 9 ). The number of bright clusters is much larger for the parameter set 2. As discussed above, this is due to the overcorrection of cluster luminosities -particularly at large distances -to compensate for non-detected faint clusters. Thus we believe that the function for parameter set 1 corresponds better to reality.
Our results also show that the Northern SDSS sample has a larger number of luminous DF-clusters than does the Southern sample. This difference is seen for both parameter sets of the galaxy luminosity function. In order to find the reason for this difference we repeated our calculations using different values for the parameters of the galaxy luminosity function for the Northern and Southern samples. This did not change the main result -there exists a considerable difference in the distribution of luminosities of DF-clusters in the Northern and Southern samples. The luminosity function of DF-clusters can be well approximated by the Schechter function, see Paper II.
Environmental effects in the distribution of DF-clusters
We can use the density found with the 10 h −1 Mpc smoothing as an environmental parameter to describe the global density in the supercluster environment of clusters. We calculated this global density 0 (in units of the mean density of the lowresolution density field) for all DF-clusters. Figure 10 shows the luminosity of DF-clusters as a function of the global density 0 . There is a clear correlation between the luminosity of DF-clusters and their environmental density. Luminous clusters are predominantly located in high-density regions, and lowluminosity clusters in low-density regions. This tendency is seen also visually in Fig. 4 . Here densities are colour-coded, we see that small clusters in voids have blue colour which indicates medium and small densities, whereas rich cluster having red colour populate dominantly central high-density regions of superclusters. Figure 10 shows also that the Northern sample has much more luminous clusters than the Southern sample. This result confirms the presence of a difference between the structure of Northern and Southern samples. Figure 11 shows the cluster luminosity functions of the Northern and Southern slice calculated separately for 4 global density intervals, 0 < 0 ≤ 0.5, 0.5 < 0 ≤ 1.0, 1.0 < 0 ≤ 1.8, and 1.8 < 0 ≤ 10, labelled in Fig. 11 and Table 2 as N0.0, N0.5, N1.0 and N1.8, for Northern subsamples, and S0.0, S0.5, S1.0, S1.8 for Southern ones. The functions were calculated for the luminosity function parameter set 1 (which yields almost constant highest luminosity DF-clusters for various distances from the observer). We list in the Table 2 the number of DF-clusters in subsamples, N group , the luminosity of mostluminous clusters, L lum , the mean luminosity of clusters, L m , and the scatter of luminosities, σ(L m ). We see that luminosity functions depend very strongly on the global environment: the difference in luminosity of most luminous clusters in subsamples is a factor of 5 ± 2 (for a finer global density division most luminous DF-clusters differ in luminosity even up to 10 in extreme density regions). This difference is not due to different numbers of clusters, as these numbers are all of the same order.
One may ask: How much of the cluster luminosityenvironment relation can be explained by the fact that a luminous cluster itself contributes to the luminosity density of the supercluster? At an extreme, suppose there is only one cluster in the supercluster. In that case, the supercluster's luminosity density is determined entirely by the single cluster. In reality, small scatter of the luminosity-environment relation at high environmental density is probably due just to proximity to luminous clusters themselves. This influence decreases when we move toward lower environmental densities. We plan to investigate this problem, as well as the influence of selection effects to the luminosity-density relationship of DF-clusters when more SDSS data will be available. The influence of selection is minimal to luminosities of most-luminous clusters.
The fine structure of superclusters and voids
The distribution of DF-clusters within DF-superclusters yields information on the internal structure of superclusters. A close inspection of Figs. 4 and 5 shows, that superclusters have various internal structures: clusters may form a single filament, a branching system of filaments, or a more or less diffuse cloud of clusters. These morphological properties have been f(>L) S1_all S1_1.8 S1_1.0 S1_0.5 S1_0.0 In the Northern sample about 25% of all DF-clusters are located in superclusters; in the Southern sample this fraction is about 15%. An inspection of the high-resolution density map in Fig. 4 shows that most DF-clusters outside superclusters also form filaments. Thus we come to the conclusion that there is no major difference in the shape of cluster systems in supercluster and in non-supercluster environments. This similarity of the structure within and outside superclusters is partly due to our formal procedure of defining superclusters; actually there is a continuous sequence of structures from single filaments to multiple filaments and superclusters. The difference is mainly in the luminosity of clusters. This observation can be interpreted as follows: clusters and cluster filaments in various environments are formed by similar density perturbations, and these small-scale perturbations are modulated by large-scale perturbations which make clusters and their filaments richer in superclusters and poorer in large voids between superclusters (see also Frisch et al. 1995) . Figure 12 shows the distribution of total luminosities of DF-superclusters at various distances from the observer. We see that both high and low luminosity superclusters are found both in nearby space as well as in more distant regions. This distribution is expected for real superclusters, and we may expect that there are no serious systematic errors in the luminosities of DF-superclusters. Table 3 shows that there are only a few dozen Abell clusters in EDR SDSS sheets. Abell clusters form a small minority since only rich clusters were included into the Abell catalogue. In contrast DF-clusters were searched among galaxy systems of any richness. For this reason alone DF-clusters follow the fine distribution of luminous matter in much more detail than Abell clusters. We note that in some cases it is difficult to identify Abell clusters among DF-clusters, since there are several rich DF-clusters close in position to Abell clusters (see E03). Also, some Abell clusters consists of several subclusters; if such subclusters have comparable number of members, then in Fig. 4 all subclusters are marked. For this reason the number of Abell clusters marked in this figure is larger than given in Table 3 , where each Abell cluster is counted once.
DF-superclusters in the supercluster-void network
Now we analyse DF-superclusters as tracers of the large-scale supercluster-void network. First we note that most nearby DF-superclusters can be identified with the Abell supercluster catalogue of E01, which contains superclusters out to a distance limit of 350 h −1 Mpc (see Table 3 and Fig. 5 ). Now we comment on some individual superclusters.
The supercluster N13 (SCL 126 in the list by E01) has the densest concentration of Abell and X-ray clusters in our neighbourhood. The densest part of this supercluster has a declination −2.5
• and lies in the −3
• slice of the Las Campanas Redshift Survey. It contains 7 Abell clusters and 6 X-ray clusters, most of which are located within the LCRS slice. Both in the SDSS and LCRS slices the supercluster shows a multi-branching filamentary shape. The form of the filaments in both slices is different. This is a good indication that cluster chains form true filaments, not sheets, since at the distance of the supercluster both slices are vertically shifted by only about 12 h −1 Mpc.
Another very rich supercluster is N08 (Virgo-Coma; SCL 111 in E01's list). This supercluster contains 15 Abell clusters and 5 X-ray clusters. Its centre lies at declination +9
• ; thus the SDSS slice passes through the outskirts of this supercluster. Not far from E01 SCL 111 lies the supercluster SCL 91 in the list by E97 (Leo-Sextans); it contains 9 Abell clusters and 1 X-ray cluster at declination +3
• . This supercluster is seen as a density enhancement in Fig. 5 ; its density in the SDSS slice is, however, too low to include this feature as a supercluster in the present catalogue.
There are two more very rich superclusters in the Northern slice: SCL 107 from E97 (N07) with 8 Abell clusters and 1 Xray cluster, and SCL 100 from E97 with 9 Abell clusters. Their centres lie at declinations +10
• and −3 • , respectively, and they form together with supercluster SCL 111 (N09) a huge complex near the centre of the SDSS Northern slice. These superclusters, and superclusters SCL 82 and SCL 91 belong to the Dominant Supergalactic Plane -a collection of very rich superclusters in the nearby Universe (E97).
The richest supercluster in the Southern slice, according to Abell supercluster catalogue, is the Pegasus-Pisces SCL 3 from E97 (or S01 in our catalogue) with 9 Abell clusters, 6 Xray clusters, and a centre at declination +5
• . The second richest supercluster in the Southern slice is the Pisces SCL 24 (S10) with 7 Abell clusters and 10 X-ray clusters and a centre at declination +8
• . The SDSS Southern slice passes through the periphery of these superclusters.
The North-South asymmetry in the distribution of clusters and superclusters
One of principal results of our study is the discovery of a large difference between the distribution of galaxies and clusters in the Northern and Southern slice of the SDSS. A moderate difference is observed in the galaxy luminosity functions, a much larger difference exists between distributions of cluster luminosities and between cluster luminosity functions (see Figs. 9, 10, and 11) . The North-South asymmetry is seen also as a systematic difference of total luminosities of Northern and Southern DF-superclusters: the Northern sample contains more massive superclusters than the Southern one (see Table 3 and Fig. 12 ). These results indicate the presence of global differences between the Northern and Southern slices. One possibility to explain these differences in the distribution of clusters and superclusters is by various parameters of the galaxy luminosity function. To check this possibility we varied parameters of the luminosity function of galaxies in accordance with results obtained in H03. In all variants tested so far the North-South asymmetry remains. Thus the difference lies probably elsewhere.
Another explanation would be to assume that these differences can be caused by cosmic variance. To check this possibility we compared properties of various systems of galaxies in the Northern and Southern slices. This has lead us to conclude that the most likely explanation of the North-South asymmetry is the presence of real differences in the richnesses of systems of galaxies of various scales. As we have discussed in the previous section, the Northern slice lies in a region of space containing many rich superclusters. The ±10
• zone around the celestial equator in the right ascension interval of the Northern slice contains 25 Abell superclusters in the catalogue by E01 (15 in the ±6
• zone). Among these, there are 5 very rich superclusters containing 7 or more Abell clusters (all in the central ±6
• zone). The ±10
• zone around the Southern slice has 12 Abell superclusters; the ±6
• zone has 7éAbell superclusters, among which there is only one very rich system. The distribution of Abell clusters on the celestial sphere is presented in Fig. 13 . Regions of the SDSS EDR are marked by solid strips, dashed lines show regions where rich superclusters belonging to the Dominant Supergalactic Plane (DSP) are projected on the sky. The DSP was detected by E97. In this plane, there are concentrated numerous very rich superclusters. We see that the Northern SDSS EDR slice crosses the DSP. Near the supercluster SCL 126 (or N13 in our list) the DSP crosses another region of rich superclusters seen in the Northern hemisphere extending from a declination of +60
• to a declination of −30
• . So the Northern slice lies at crossroads of two complexes of very rich superclusters. In contrast, the Southern slice is located in a region away from very rich superclusters: in the Southern Hemisphere, rich superclusters, some of which belong to the DSP, are located at lower declinations. What concerns galaxies, then Gaztañaga (2002) has found no statistical difference in their photometric properties in both hemispheres.
Thus our tentative conclusion is that the North-South asymmetry is not a mere random fluke but a real difference in the large-scale distribution of matter. So far this difference is manifested in only a single pair of slices. This result must be checked by future SDSS data.
Error analysis
There are three main error sources in our quantitative data: errors due to number statistics (Poisson errors), errors in the values for the parameters of the galaxy luminosity function, and errors in our assumptions. Our main assumptions were: absence of projection effects in the z−direction, the luminosity function can be applied to individual clusters, the mean luminous density and the upper end of luminosities of DF-clusters do not depend on distance. Our quantitative analysis is related directly to luminosities of DF-clusters. Thus we must analyse how these errors affect cluster luminosities.
The simplest errors are related to the Poisson statistics. In H03 we determined Poisson errors for parameters of the luminosity function of galaxies. It is easy to estimate the influence of these errors to properties of density field clusters. We have repeated the density field analysis with many sets of parameters. We show here results for a third set of parameters M = −20.73 and α = −1.14, the difference between sets 2 and 3 being ∆M = 0.07, and ∆α = 0.08, which corresponds approximately to the 2σ error of parameters in the luminosity function (see H03). We have found DF-clusters for both parameter sets and made cross-identification of clusters. Cluster positions are practically identical, only total luminosities differ. Both luminosities are compared in Fig. 14 . We see that there exists a very close relationship with small scatter between luminosities of DF-clusters found with parameter sets 2 and 3. Our main quantitative results (North-South asymmetry of luminosities and dependence of luminosities on environment) are differential, thus errors of parameters of the luminosity function of galaxies do not alter these conclusions.
A much more serious systematic difference is due to our poor understanding of the global behaviour of the mean luminosity density, i.e. the third error mentioned above. The influence of this error is also demonstrated in Fig. 14 , where we compare luminosities of DF-clusters for parameter sets 1 and 2. Here the scatter is much larger -almost all clusters are much brighter for the parameter set 2. This is the reason why cluster luminosity functions for parameter sets 1 and 2 differ so much. The physical reason for this large uncertainty is our poor understanding of the general behaviour of the density field -how constant it should be for different distances from the observer. We plan to come back to this problem in a future study.
To check the possible error due to the use of 2-dimensional density field we calculated at all cluster positions the distribution of galaxies in z−direction. In the vast majority of cases there is only one maximum, or positions of maxima differ by ≤3 h −1 Mpc, which corresponds to the resolution in the x, y−plane. However, in about 4% of clusters there are several density maxima at cluster positions which differ in vertical position ≥4 h −1 Mpc. Due to this error total luminosities of these clusters are overestimated, and a similar number of poor DF-clusters is absent from our list. This error is partly compensated by another error: clusters near the border of the slice may be cut by borders, thus their luminosities are underestimated. Both errors can be avoided when using full 3-dimensional data, which will be done in the next stage of our study.
To determine the scatter of DF-cluster luminosities due to the scatter of galaxy luminosities in individual clusters we use numerical simulations. Results of this study shall be published elsewhere.
There are other sources of uncertainty, ones which influence positions of DF-clusters and superclusters. These errors are due to the fact that in this paper we have used positions of galaxies in redshift space. Redshift space distortions are of two different types: they elongate clusters of galaxies in the radial direction (finger-of-god effect), and they shift positions of DF-clusters and superclusters in the radial direction toward the contraction centre (bulk motions). As superclusters are more massive attractors than clusters, their positions are much less influenced than are positions of clusters. Due to bulk motions supercluster shapes are slightly compressed in the radial direction. The shift is small and does not influence luminosities of clusters and superclusters.
The largest uncertainty in the properties of superclusters is due to the fact that we presently have information only for thin slices. In their largest dimension, a supercluster may extend for hundreds of Mpc; this is much, much larger than the smallest dimension of our slices, their thickness. Therefore, it is impossible to say for certain just what fraction of a given supercluster lies within a slice's boundaries. Our estimate of the total luminosity of superclusters is based on the assumption that they have in vertical direction a structure similar to the structure on the plane observed. This assumption is correct if the observed plane passes close to the centre of the supercluster. If the observed plane passes through the periphery of the supercluster, we get an underestimated value of the total luminosity and diameter. Thus values shown in Table 3 can be considered as lower limits of actual values of the respective quantities.
Discussion and conclusions
Results of this paper and H03 are of a methodical and quantitative character. Methodical aspects concern the application of the density field method with various smoothing lengths to display and describe systems of galaxies of various scales. We calculated density fields for a number of smoothing lengths from 0.8 to 16 h −1 Mpc. In this way systems of galaxies on various scales could be visualised and their mutual relationship could be studied. The high-resolution density field, with dispersion 0.8 h −1 Mpc was used to define density field clusters and to investigate the structure of superclusters. The low-resolution density field, with dispersion 10 h −1 Mpc was used to define superclusters of galaxies and to study global properties of clusters and superclusters.
The inspection of the distribution of clusters in superclusters and voids suggests that galaxy systems have in both regions similar shape in that the dominant structural elements are single or multi-branching filaments. Massive superclusters have dominantly a multi-branching morphology; less massive superclusters have various morphologies, including compact, filamentary, multi-branching, and diffuse systems.
Quantitative results concern the luminosity function of galaxies and properties of clusters and superclusters. We have found in H03 and confirmed in this paper that it is impossible to find a global set of parameters of the luminosity function which can be applied in all cases. We found that parameters of the luminosity function are different for high-and low-density regions: galaxies in high-density regions are more luminous. This result confirms earlier findings by Lindner et al. (1995) : bright galaxies define larger voids than faint ones. More recently this conclusion was obtained by Bromley et al. (1998) , Beisbart & Kerscher (2000) , and by Norberg et al. (2001) . The present study indicates that the effect is larger than previously suspected: luminosities of the brightest galaxies in high-density regions exceed the luminosities of the brightest galaxies in low-density regions by a factor of about 5.
The values of the parameters of the luminosity function are also different for nearby and distant parts of the survey and for the Northern and Southern slices. A distance dependence of parameters of the luminosity function has been found for deeper surveys spanning redshift interval up to z = 1 by Lin et al. (1999) and by Shepherd et al. (2001) in the Canadian Network for Observational Cosmology Redshift Survey. However, in this survey the distance dependence appears only by comparison of nearby (z ∼ 0) and distant (z > 0.2) parts of the survey. Thus it seems improbable that this effect can explain our results on the distance dependence in a relatively small redshift interval 0 < z ≤ 0.2.
Parameters of the luminosity function depend also on the density of the environment. This dependence influences properties of the density field. High-density regions contain brighter galaxies than do low-density ones. This difference leads to different selection effects for galaxies in high-and low-density environments. In a high-density environment, due to selection effects, faint galaxies in clusters cannot be observed, but clusters themselves are visible (since they contain at least one galaxy bright enough) and the total luminosity of clusters can be estimated by taking into account unobserved galaxies. In a low-density environment all galaxies of the cluster may be too faint, and the cluster may not be seen at all. In another words, distance-dependent selection effects influence clusters and superclusters in different ways.
The density field was calculated using the expected total luminosities of clusters of galaxies, including the expected luminosities of galaxies too faint or too bright to be included in the redshift survey. The correction for unobserved galaxies was made assuming a Schechter luminosity function for galaxies. Our analysis shows that it is impossible to correct the density field so that general properties of the density field and properties of clusters of galaxies are correct for the same set of parameters of the galaxy luminosity function. For this reason we have used two sets of parameters of the luminosity function. Parameter set 1 has a strong bright-end (parameter M = −21.55) and corresponds to galaxies in a high-density environment which dominate clusters observed at large distance; this set yields correct properties of clusters of galaxies, but does not include faint clusters at large distances, and thus gives too low of a density for distant superclusters. Parameter set 2 was obtained for the whole region under study, and it has moderate bright-end (parameter M = −20.80). In this parameter set ALL faint invisible galaxies at large distance are included within visible clusters, including galaxies that belong to non-detected clusters; thus clusters themselves become too luminous with increasing distance, but supercluster properties are correct.
Comparing clusters in different environments we have found that there exists a strong dependence of cluster properties on the density of the large-scale environment: clusters located in high-density environments are a factor of 5 ± 2 more luminous than clusters in low-density environments, in extreme environmental density regions the difference is even larger.
Finally we found that there exists a large difference between properties of clusters and superclusters in the Northern and Southern slices of the SDSS EDR survey: clusters and superclusters in the Northern slice are more luminous than those in the Southern slice by a factor of 2. This difference may be due to differences in the location of slices with respect to the very large-scale environment. If this conclusion is confirmed by future observations one must conclude that the formation and evolution of galaxies and systems of galaxies of various scales depends on the nearby as well as on the large-scale environment. Richer superclusters have more luminous galaxies and clusters. On smaller scales this tendency has been observed as a difference between properties of clusters within superclusters and in voids. Now we see that a similar difference may be observed on much larger scales.
